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ラップフィルム面上の液滴のサイズ分布
R. N. Leach, et al.: Langmuir, 22, 8864 (2006)
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less than about 100 nm in radius, the high surface tension of
water and high surface curvature significantly increases the
equilibriumvapor pressure (Laplace pressure). Thus, small drops
can evaporate at water vapor pressures that cause large drops to
grow. However, coalescence produces a transient increase in the
vapor concentration along the surface, thereby triggering the
dramatic nucleation and growth of newdrops. The apparent delay
in drop nucleation is attributed to the time required for the
formation of stable (sufficiently large) drop nuclei.
In Figure 3f, new drops rarely appear within 50 µm of

preexisting large drops, although newdrops frequently are closer
to each other. Normally, nucleation within a band 20-50 µm
wide around preexisting drops is rare. This is consistent with the
local depletion of diffusing water molecules near preexisting
drops both on the surface and in the gas phase. A similar effect
reduces growth rates of closely spaced drops and is described
below. Significantly, nucleation-free zones around drops of
deionized water placed on Saran before initial exposure to water
vapor are narrower, often only 10 µmwide. Prior to vapor expo-
sure, the concentration of adsorbed water is quite low. Initial
nucleation apparently occurs before diffusion can establish larger
(>10 µm) depletion zones around preexisting drops.
The average densities of new drops after coalescence events

range from 0.7 to 1.4× 105 drops/cm2, corresponding to average
drop separations of 25-40 µm. These nucleation densities are
an order of magnitude lower than the initial nucleation densities,
but the average drop separation is comparable to the width of
the nucleation-free zones. The nucleation densities associated
with coalescence events remain constant over the course of an
experiment. However, lowering the temperature of the source
water reduces the nucleation density associatedwith coalescence.
At the lowest source temperature in this work (30 °C), almost
no new drops appear after the initial burst of nucleation. Of
course, the source temperature decrease during the duration of
the cooling experiment has exactly the same effect, eventually
terminating drop nucleation.
Coalescence has a profound effect on the distribution of drop

sizes. Figure 4 shows a drop-size distribution acquired from

images taken with a still camera after many generations of
coalescence and nucleation. To sample a large area, a relatively
low magnification was used, so drops of less than about 0.2-mm
radius were not measured. Also displayed is a drop-size
distribution from a computer simulation of drop growth and
coalescence performed under comparable conditions. (Drops
smaller than 0.2 mm are omitted from the simulated drop size
distribution.) Two distinct peaks are observed. The peak at large
radii is composed principally of survivors from the first generation
of drops, nucleated at the beginning of the experiment. This first
peak shifts to larger sizes with increasing time. The peak at
smaller radii is composed of drops nucleatedmuch later; although
many of these smaller drops have experiencedmany coalescence
events, they have never coalesced with a first-generation drop.
No evidence for additional, distinct drop populations is observed,
either experimentally or in simulations. The agreement between
experiment and the model is satisfying.

Figure 3. Video images of water drops on Saran over water initially at 97 °C. (a) Drops prior to coalescence; the drops to coalesce are
marked with x’s. The arrow identifies a drop-free region where drops will be observed later. Time t ) 0 corresponds to the acquisition of
this image. (b) The same region during coalescence. (c) The next image, where drops to coalesce are marked with x’s. (d) The same region
during coalescence and (e) after coalescence. (f) The same region seconds later, after newly nucleated drops become visible following
coalescence. Some of these drops appear in the region marked in (a), which was drop-free prior to the coalescence events.

Figure 4. Drop-size distributions from experiment (after 3000 s)
and simulation (2300 simulation cycles) for drops condensed on
Saran over water with an initial temperature of 97 °C.
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サイズ分布の成り⽴ちや統計的な性質を明らかにする
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Fig. 1. Experimental setup.
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実験装置

(Nikon, COOLPIX P310)

50mm

(500ml)

4cm
（初期温度：
約90度）



実験データの解析

• 0〜6000秒まで300秒ごとに
データを取る

• OpenCVを⽤いて円検出を⾏う
=>ピクセル数をmmに変換

• 初期条件をそろえた実験を３
回⾏い、サンプル平均を⾏う。



実験結果 ラップフィルム（株式会社クレハ、Newクレ
ラップ（ポリ塩化ビニリデン））



サイズ分布のフィッティング
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混合分布

𝑓∗ 𝑥 :  対数正規分布の累積分布
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Leach et al.(2006)の結果

𝐹 𝑥 = 𝜃!𝑓! 𝑥 + 𝜃"𝑓" 𝑥 , 𝜃! + 𝜃" = 1

⼩さい液滴 ⼤きい液滴

⼆重対数正規分布（対数正規分布の混合分布）が最も良いモデル



混合パラメータの時間変化
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ਤ 4.3 αϥϯ໘ʹ͓͚ΔϑΟοςΟϯάύϥϝʔλͷؒ࣌มԽ.(a)෼෍ͷॏΈύϥϝʔλ.(b)µ1, µ2.(c)σ1,σ2.(d)࠷ස஋.
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ラップフィルム ガラス板（撥水コーティング）

𝐹 𝑥 = 𝜃!𝑓! 𝑥 + 𝜃"𝑓" 𝑥 , 𝜃! + 𝜃" = 1

⼩さい液滴 ⼤きい液滴

最終的に⼩さい液滴と⼤きい液滴の割合は、4:1となる



考察

𝑟(𝑡) ∝ 𝑡!/" 𝑟(𝑡) ∝ 𝑡

液滴の半径𝑟(𝑡)の時間変化

• 基本的には加算的に半径が増加する
• 加算過程が乗算過程で近似できる場合がある
• その場合は対数正規性が⾒られる

H. Mouri: Phys. Rev. E 88, 042124 (2013)

Leach et al.(2006) and references therein



⼆重対数正規分布を⽣み出す乗算過程

：初期の半径𝑋"

：半径の上限𝑋#$%

𝛼$ =

• ⼩さな液滴同⼠の合体による成⻑
• 時々⼤きな粒⼦と合体する

成⻑率𝛼$の決め⽅

1 + 𝛽&

2 + 𝛽&

(確率99%)

(確率1%)

𝛽 は 𝑁(0, 0.04) に従う正規乱数



まとめ

• Leach et al.(2006)の⾏った滴状凝縮の実験を再現
し、液滴のサイズ分布の性質を調べた

• ⼆重対数正規分布が最も近似の良い分布
• 対数正規分布の混合の割合は凝縮⾯の種類によ
らないという結果が得られた

• 今後、液滴凝縮のシミュレーションを⾏い、液
滴の成⻑や分布の成り⽴ちについてより詳細に
調べる予定


